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commercial software Velocity© to validate registration 
process. 
Materials and Methods: We used 10 virtual phantoms from a 
website [1] for CT-CT deformable registration validation and 
4 patients included in the project ARTFiBio [2] for validation 
of the CT-MRI registration.  
The Velocity© registration was performed with the default B-
Spline algorithm and the deformed images were exported to 
ARTFiBio software to calculate the metrics. Normalization 
Cross Correlation (NCC) and Mutual Information (MI) were 
implemented in the software ARTFiBio. To remove the Field 
of View dependence of the NCC, only voxels inside the 
external volume were used (restricted NCC). 
ARTFiBio’s registration tools are based on ITK libraries. For 
CT-CT registration bewere used recommended parameters in 
ITK documentation. For CT-MRI registration were used 
combination based on our own experience as users. 
Results:  
 
 
- CT – CT Registration: deformable registration shows best 
values for both metrics (NCC and MI) than rigid registration, 
as as expected. In the figure a), a comparison of ARTFIBio’s 
tools with Velocity software is showed for CT-CT registration. 
Both softwares show similar metric values. 
- CT – MRI registration: Velocity and ARTIFIBio tools get 
similar metric values for MI metric, but NCC metric can 
worsen comparing rigid to deformable registration, this is 
because NCC metric can not be applied for different imaging 
modalities.  
Conclusions: In the ARTFIBio project different in-house free 
tools for registration has been implemented and are available 
by request for the scientific community. This software has 
been validated with commercial software, showing similar 
results. Real patients from the ARTFIBio database can be 
used for validating registration software using different 
imaging modalities (MRI and CT). 
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Purpose/Objective: In radiotherapy (RT) identifying changes 
in the gross tumour volume (GTV) between pre-treatment 
magnetic resonance (MR), computed tomography (CT) and 
follow-up CT images is challenging. This is because of 
anatomical deformations, change in the GTV in response to 
RT and soft tissue contrast variability between CT and MR. 
Here a new approach for registration and segmentation of 
the GTV on multi-modality data acquired before, during and 
after RT, is presented. The approach was tested on MR and 
CT image data from client owned dogs undergoing RT 
because of the similarities between canine and human 
cancers and the opportunity that this presents for fast-
tracking RT improvements into clinical practice for both 
patient groups. 
Materials and Methods: Image data from two veterinary 
patients (P1 and P2) with nasal adenocarcinoma treated at 
the University of Wisconsin, School of Veterinary Medicine 
was used. P1: pre-treatment T1-weighted MR and CT; CT 
after 6 and 12 weeks. P2: pre-treatment T1-weighted MR and 
CT; CT after 12 weeks. General Electric (GE Medical Systems, 
Milwaukee, WI, USA) Genesis and Signa scanners were used to 
acquire CT and MR data respectively and the GTV was 
identified on all images by an experienced veterinary 
oncologist. The algorithm developed uses a scale invariant 
feature transform (SIFT)-based rigid registration algorithm 
and a B-spline based non-rigid registration algorithm to 
register pre- and post-treatment images. The registration 
result is next used as a prior in a gradient-based level set (LS) 
method for segmentation of the GTV on post-treatment 
images. 
Results: The performance of the rigid registration algorithm 
was first established by rotating Ω=(±90°) and translating (Tx, 
Ty)=(±40% of image size) CT and MR images from the same 
patient. The sum-of-squares difference (SSD) of the image 
intensity data and the SIFT feature points were compared to 
the MI of the image intensity data and the new approach 
proposed, MI of SIFT. A match was defined when the clinical 
GTV contours and surrounding anatomical structures attained 
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the maximum Dice coefficient, Table 1. In the next stage the 
performance of the non-rigid algorithm combined with LS 
segmentation of the GTV was investigated. Figure 1 shows 
typical results produced by the algorithm on pre- and post-RT 
CT: Left: Reference image with GTV contour (blue). Middle: 
target image with GTV contour (yellow). Right: The 
automatically generated contour (red) and the original GTV 
contour (yellow). The blue contour shows the reference 
image GTV expanded and used as the initial zero LS function. 
The Dice coefficient was 88.01% over the whole volume. 
 
Table 1: 
 
Figure 1: 
 
Conclusions: The proposed framework demonstrates that it is 
possible to automatically segment the GTV on post-
radiotherapy images with acceptable clinical accuracy (Dice = 
88.01%). On this limited data set the approach shows promise 
as a tool for assisting clinicians assess response to RT and has 
the potential to be used for adaptive radiotherapy. Work is 
ongoing to assess the performance of the approach on a 
larger multi-modality human and canine data set. 
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Purpose/Objective: To develop a method for the assessment 
and characterization of 3D geometric distortion as part of 
routine quality assurance for MRI scanners commissioned for 
RT planning 
Materials and Methods: Although MRI is particularly effective 
at differentiating between soft tissues, it is known to suffer 
from geometric distortion which represents an important 
consideration when implementing it into the RT planning 
process. In this study, the in-plane and through-plane 
geometric distortion on a 1.5T GE MRI-SIM unit are 
characterized and the 2D and 3D correction algorithms 
provided by the vendor are evaluated. 
We used a phantom developed by GE Healthcare that covers 
a large field of view of 500mm, and consists of layers of foam 
embedded with a matrix of spherical markers. An in-house 
Java-based software module was developed to automatically 
assess the geometric distortion by calculating the center of 
each marker using the center of mass method, correcting of 
gross rotation errors and comparing the corrected positions 
with a CT gold standard data set. Spatial accuracy of typical 
pulse sequences used in RT planning was assessed (2D T1/T2 
FSE, 3D CUBE, T1 SPGR) using the software. The accuracy of 
vendor specific geometric distortion correction (GDC) 
algorithms was quantified by measuring distortions before 
and after the application of the 2D and 3D correction 
algorithms. 
In this work, distortions related to the superior/inferior 
gradient are referred to as through-plane distortions. 
Results:  
Figure 1-A shows the mean geometric distortions before and 
after the application of GDC algorithms. For all sequences, 
these algorithms were able to substantially reduce the 
distortions from 1.8, 4.6, 7.8 and 12.58mm to 0.5, 0.8, 2.5 
and 4.5 mm for radial distances of 15, 20, 25 and 50cm 
respectively. 
 
Our results showed also that the impact of the acquisition 
plane produced a maximum distortion variation of 0.15, 0.2, 
1.1 and 3mm for radial distances of 15, 20, 25 and 50cm 
respectively.  
Finally, the 3D correction algorithm, when applied with the 
2D correction algorithm, reduces the in-plane distortion for 
all acquisitions from a mean value of 0.8, 1.9, 4.1 and 6.8mm 
to 0.4, 0.6, 1.6 and 3.2mm within a radial distance of 15, 20, 
25 and 50 cm respectively.  
Conclusions: The presented methods represent a valuable 
tool for routine quality assurance of MR applications that 
require stringent spatial accuracy assessment such as 
radiotherapy.  The results of this study showed that the 
correction algorithms provided by GE Healthcare reduced 
significantly both the in-plane and through-plane distortions. 
For a radial distance of 20cm, the application of GDC derives 
residual distortions less than 1mm which is within the 
accuracy required for most radiotherapy procedures. Our 
results demonstrated that the choice of the acquisition plane 
does not significantly impact the geometric distortion up to a 
radical distance of 20cm, and hence can be based upon 
optimum clinical parameters including shortest acquisition 
time. 
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Purpose/Objective: Most modern radiotherapy treatments 
are based on cone-beam CT images to ensure precise 
positioning of the patient relative to the linac. This requires 
alignment of the cone-beam CT system to the linac MV 
radiation isocentre. Therefore, it is important to precisely 
